Although many data have been presented in the past few years which indicate that the gallbladder empties its contents through the cystic duct, there are those who believe that removal of the contents of the gallbladder is brought about entirely by an absorptive mechanism (Blond (1), Sweet (2), Demel and Brunimmelkamp (3), and Halpert (4)). Recently several of the workers who do not accept the contractile theory (1, 2) of gallbladder evacuation, have maintained that the disappearance of the gallbladder shadow in cholecystography is dependent on absorption from the gallbladder rather than the passage of the dye through the cystic duct.
Although many data have been presented in the past few years which indicate that the gallbladder empties its contents through the cystic duct, there are those who believe that removal of the contents of the gallbladder is brought about entirely by an absorptive mechanism (Blond (1), Sweet (2) , Demel and Brunimmelkamp (3) , and Halpert (4) ). Recently several of the workers who do not accept the contractile theory (1, 2) of gallbladder evacuation, have maintained that the disappearance of the gallbladder shadow in cholecystography is dependent on absorption from the gallbladder rather than the passage of the dye through the cystic duct.
The hypothesis presented by these workers (1, 2) should not be a difficult one to prove or disprove by experimental methods. If the hypothesis is correct in whole or in part, there should be: (1) a gradual disappearance of the shadow whether the egress of bile from the cystic duct were prevented or not; and even though the cystic duct be occluded (2) a greater rapidity in the disappearance of the shadow following a fat meal; and (3) a rapid decrease in the amount of dye in the gallbladder as estimated by analytical methods. It was to test these criteria that these studies have been made. METHOD The experiments in this report were carried out on dogs. The technique employed was similar to that used by workers who have attempted to drain separate lobes of the liver. In the main we have entrance of the right lower lobe duct and the bile from this was allowed to flow into a rubber bag left inside the abdomen. Material from the gallbladder cannot find its way into the bag directly, but in order to reach the bag must pass into and be excreted by the right lower lobe of the liver after being absorbed from the gallbladder, or find its way into the liver through an open duct which connects the liver and gallbladder. Sodium tetraiodophenolphthalein or potassium iodide was introduced into the gallbladder by puncturing the gall-bladder wall with a small bore needle, removing the bile contained within, and introducing the salt before removing the needle. The puncture hole was tied off by a purse string suture. The animals were sacrificed at the end of 24 hours and the contents of the gallbladder and collecting bag removed, to be analyzed for iodine. Each animal was x-rayed immediately after the operation and just before being sacrificed.
The method of Fresenius (5) for iodine assay was used for the most part, except in a few instances when iodine was determined by the method of Kendall (6) for purposes of comparison. Either of these methods is suitable, the Fresenius method being, in our experience, simpler and more dependable when determining as large quantities as were used in these experiments. With either method, the material was fused with sodium hydroxide and sodium nitrate as described by Kendall (6) .
RESULTS
In the first group of animals the ducts were prepared as described and a known amount of potassium iodide was placed in the gallbladder. The animals were not fed during the succeeding 24 hours. Reference to table 1 shows that a major portion of the potassium iodide left the gallbladder during the course of the experiment and a large portion of this was recovered from the collecting bag draining the right lower lobe of the liver.
In a second group of animals known amounts of sodium tetraiodophenolphthalein were introduced into the gallbladder with a similar technique (table 2). In these experiments we found that iodine did not leave the gallbladder as rapidly as when potassium iodide was used. Twenty-four hours after the introduction of the potassium iodide 2.7 to 6.7 per cent of the original amount was recovered from the gallbladder. In the experiments with sodium tetraiodophenolphthalein from 36.9 to 55.8 per cent was recovered from the gallbladder.
These experiments with potassium iodide and sodium tetraiodophenolphthalein were performed during a period of fasting. It was deemed advisable to repeat the sodium tetraiodophenolphthalein experiments and to observe the effect of a fat meal on the disappearance of the dye from the gallbladder.
Three animals were given 100 cc. of cream six hours before being killed. In these animals from 12.3 to 21.4 per cent of the iodine was recovered from the gallbladder. These percentages (table 3) approach those obtained from fasting animals with the use of potassium iodide.
Since the animals studied in Groups I, II, and III had an open cystic duct which would permit of direct communication with the liver a fourth group of animals, whose cystic ducts were occluded, was studied. In order to ascertain whether feeding affected the rate of absorption of the iodine in this group some of the animals were given 100 cc. of cream 6 hours before being sacrificed while others were fasted during the entire experiment. The occlusion of the cystic duct was obtained in some animals by a ligature which excluded the cystic blood vessels. In order to be certain that the ligature was not inuencing the results by obstructing lymph vessels, the ducts, in other animals were not tied, but were occluded by filling the lumen of the common and hepatic ducts above the ligature with low melting point paraffin. The results by either method were identical: From 26.5 to 51.0 per cent of the iodine was recovered from the gallbladder at the conclusion of the experiments (table 4) . The results are similar to those obtained from fasting animals without ocdusion of the cystic duct.
In the experiments in which sodium tetraiodophenolphthalein was placed in the gallbladder there was, at autopsy, a coating of blue material upon the walls. This proved to be concentrated salt and mucus and required careful scraping and washing to remove it. The dye remaining on the mucosa contained most of the iodine remaining in the gallbladder and if this were not taken into account the apparent disappearance of the material would be increased to a great extent.
DISCUSSION
It is of definite importance in clinical cholecystography to know whether the disappearance of the shadow is the result of absorption of the dye through the gallbladder wall, or whether it is the result of a contractile mechanism which empties the gallbladder. Sweet (2) , from a study which was in certain respects similar to this one, in that he obtained his data from experiments comparable to the experiments in Group II, concluded that the changes in the gallbladder shadow in cholecystography should be interpreted as the result of absorption. This would confirm his statement that he has not found it necessary to change his conclusions expressed in 1923 that, "under normal conditions, whatever passes into the gallbladder through the cystic duct nev,er passes out again through the cystic duct." Halpert, whose early experiments (7) with methylene blue had led him to similar conclusions, has since repeated his experiments (8) and found it necessary to alter his previous conception.
The experiments reported in table 1 show that potassium iodide is rapidly absorbed from the gallbladder. However, it is not logical to deduce that a complex salt such as sodium tetraiodophenolphthalein will do likewise. In the experiments reported in table 2 where the latter salt is used under similar conditions the iodine remains in the gallbladder in greater amounts over the same period of time.
There is, however, a serious defect in the planning of this experiment. The cystic and central hepatic ducts are patent, as are the accessory ducts emptying into the cystic duct so that a direct communication exists between the gallbladder and the liver. It was because of this that the experiments reported in tables 3 and 4 were planned. In the experiments reported in table 3 the animals were given a fat meal six hours before being sacrificed. The disappearance of a greater amount of iodine can be interpreted in one of two ways.
It could be argued that the fat meal increased absorption. On the other hand, the proponents of the contractile theory of gallbladder evacuation might say that it forced the dye into the hepatic ducts, to the liver, and was then excreted through channels which were not occluded.
The experiments reported in table 4 were done on animals whose cystic and accessory ducts were occluded, as was proven at autopsy. Some received a fat meal while others were fasted. In these experiments the amount of iodine recovered from the gallbladder closely simulates that recovered from the fasting dog whose cystic duct was not occluded. In the light of these experiments it is impossible to draw the conclusion that a fat meal increases absorption from the gallbladder under the conditions of these experiments. On the other hand, roentgenograms taken in these experiments indicate that the dye does escape from a patent cystic duct when a fat meal is given ( fig. 2 ). The use of roentgenograms for the determination of the quantity of iodine remaining in the gallbladder proved to be unreliable. This is to be expected upon theoretical grounds, as there are many variables to be considered, such as the size of the animal, the concentration of the salt within the gallbladder, and the size of the gallbladder. The last two of these factors will be affected by variation in the rate of water absorption from the gallbladder. While it is true that in all our experiments there was a decrease in the density of the gallbladder shadow, the lessened density was not always proportional to the decrease of iodine within the gallbladder.
Sweet (2) contends that in the human subject the gallbladder shadow becomes smaller because the iodine is absorbed from around the walls of the gallbladder so that the concentration of iodine becomes lessened at the periphery and the shadow is cast by the concentrated dye remaining in the center of the gallbladder. When In none of our roentgenograms was there any evidence of increased density in the center of the shadow. On the contrary, there was quite uniformly an increased density at the periphery of the shadow in the 18 hour roentgenograms ( figs. 1 and 2 ).
Our data with sodium iodide are in agreement with the findtngs of Sweet. Sodium tetraiodophenolphthalein, however, was found to leave the gallbladder much more slowly so that we constantly recovered more from the gallbladder at the conclusion of an experiment than we did from the bag draining the right lower lobe except when the cystic duct was patent and a fat meal was given the animal. 
